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Introduction
Mesobuthus martensii was originally described by Karsch (1879) as Buthus martensii, based on a single male specimen, presumably collected in Singapore by Prof. de Martens. However, Kishida (1939) thought that the primary specimen on which the original description of B. martensii was based and examined by Karsch (1879) had been wrongly labelled "from Singapore". Then, Simon (1880) described a new species from China, Buthus confucius, which was later found to be a synonym of Buthus martensii (Karsch, 1881) . Later, Wu (1936) reported on two families, four genera and four species of scorpions from China, based mainly on the material deposited in the Chinese Academy of Sciences. Among these species, he identified B. martensii. Kishida (1939) redescribed B. martensii in a more detailed manner. Qi et al. (2004) redescribed this species again using modern standard characters and added data on ecology and geographical distribution for this species in China. Although M. martensii has been listed several times from China, morphological information about this species has been insufficient.
Because M. martensii is one of the most widely used scorpion species in traditional Chinese medicine (Zhang et al., 2007) , the venom properties of this species have been thoroughly studied. Over the past decade, more than 70 different peptides or toxins have been isolated from venom of this species (Goudet et al., 2002) . Toxin researchers record the source populations of M. martensii, but usually do not investigate geographic variation among toxins.
M. martensii is a very common and widespread scorpion species and has been recorded in China from Inner Mongolia, Beijing, Liaoning, Shanxi, Hebei, Henan, Shandong, Anhui, Jiangsu, Fujian, and Hubei Provinces (Zhu et al., 2004) . It is usually found on the hills with open vegetation formations. It can also be present near human habitations, in gardens, cracks in walls and burrows in the ground (Song et al., 1982; Song, 1998) .
Since the species is so widespread, we decided to test the existence of the intra-and interspecific geographic variation in two Mesobuthus species found in China, M. martensii and M. eupeus, and to clarify possible geographic variation in M. martensii. The results we obtained may also help monitor the source populations of animals for toxin researchers. M. eupeus specimens were used in this study as comparative material to make comparison homogeneous, because this is the only scorpion species found within the same geographic range, Ningxia and Inner Mongolia, as M. martensii.
All studied populations belong to the formally recognized subspecies M. martensii martensii; another subspecies, M. martensii hainanensis (Birula), has only been recorded from southern China, Hainan Province (Zhu et al., 2004) . A survey by Shi et al. (2007) of M. martensii in China did not include Hainan Province, and therefore only included the range of M. martensii martensii.
Because M. martensii is mainly distributed in northern China, we chose five northern provinces: Liaoning, Hebei, Inner Mongolia, Ningxia, and Qinghai. The sampling scheme includes almost the easternmost and westernmost edges of the range of this species in China. The distance between them is about 2300km, and the elevation of sample sites range from 10m (Xiongxian County [13] in Hebei province) to 2300m (Jianzha County [26] and Tongren County [27] in Qinghai Province). See Figure 1 for a map of sampling localities.
Material and Methods
Scorpions were collected under stones or clods of dirt during the daytime and placed into 75% alcohol. Specimens were deposited in the scorpion collection at the Museum of the College of Life Sciences, Hebei University (MHBU), Baoding, China. Measurements were taken with >0.001mm accurate micrometric ocular with the XTL-II stereomicroscope (Beijing Electronic Optical Equipment Factory). All measurements are in mm. Terminology follows Hjelle (1990) . The methods of measurement are after Sissom et al. (1990) . Statistical analyses were conducted using SPSS13.0 for Windows. Measurements of 15 characters in each group of males and females of M. martensii and M. eupeus were used in the morphometric analysis. The univariance analysis of M. martensii included descriptive statistics (means and standard deviations [SD] ) for each variable (Table 5 and  Table 6 ). The Mann-Whitney U test was used to determine significant differences between M. martensii and M. eupeus (Table 1 and Table 2 ). Principal component analysis (PCA) was applied between M. martensii and M. eupeus, and within M. martensii, to limit over parameterization by reducing the data set to several principle components, and to determine whether any of the geographic populations are morphologically distinct. Kruskal-Wallis one-way ANOVA was applied to M. martensii to determine statistical significance of differences wholly (p<0.05). Cluster analysis was conducted in order to investigate the relationships between the morphologies of the five provinces. The hierarchical clustering scheme was applied to the mean ratios of each province. The squared Euclidean distance was used to measure the interval and two different cluster methods were applied (Between-groups linkage, Within-groups linkage). Of the seven possible cluster methods, Between Groups linkage, Within Groups linkage, Nearest Neighbor, Furthest Neighbor, Centroid Clustering, Median Clustering, and Ward's method, some are too concentrated while others are too sensitive. We choose Between Groups linkage and Within Groups linkage to do our cluster analysis (He, 2004) . 
Abbreviations of morphometric ratios

Results
Mann-Whitney U test
In females, the mean ratios of all measurements are larger in M. martensii than those of M. eupeus with the exception of Ca_AW/PW. A "larger" ratio in this context implies a thinner segment. According to MannWhitney U test analysis, except Ca_L/AW, Ca_AW/PW and Met-V_L/H, all measured characters show significant differences between females of M. martensii and M. eupeus (Table 1) .
In males, the mean ratios of all measurements are larger in M. martensii than those of M. eupeus with the exception of Ca_L/AW and Ca_AW/PW. According to Mann-Whitney U test analysis, except Ca_AW/PW and Met-V_L/H, all measured characters show significant differences between males of M. martensii and M. eupeus (Table 2) .
The results of Mann-Whitney U test on variation between sexes of M. martensii and M. eupeus show that: except Ca_AW/PW and Met-V_L/H, all measured characters show significant differences between M. martensii and M. eupeus, and almost each segment of M. martensii is thinner than M. eupeus.
Principal component analysis (PCA) for M. martensii and M. eupeus
In Table 3 , four principal components are associated with eigenvalues greater than 1, while the total eigenvalue is 12.972, and the total of the four components reaches 86.484% of the accumulated variance. The matrix of component loadings is given in Table 3 . The scree plot is in Fig. 2 .
The score plots of the first and second principal components (PCs), PC1 vs. PC2 (Fig. 3) , it was observed that the females of M. martensii and M. eupeus were separated and formed two groups, which indicated for females, at least, M. martensii and M. eupeus are different species. Table 4 shows the matrix of component loadings for the males and the three principal components which are associated with eigenvalues greater than 1. The total eigenvalue is 11.81, and the total of the three components reaches 78.737% of the accumulated variance. The scree plot is in Fig. 4 .
In the score plots of the first and second principal components (PCs), PC1 vs. PC2 (Fig. 5) , it was observed that the males of M. martensii and M. eupeus were separated and formed two groups from each other, which indicated for males, M. martensii and M. eupeus are different species.
The results of PCA between sexes of M. martensii and M. eupeus indicated that M. martensii is clearly different from M. eupeus; they are therefore supported as different species.
Kruskal-Wallis one-way ANOVA
The results of our Kruskal-Wallis one-way ANOVA on variation between sexes (Tables 5 and 6) suggest that the variation in females is larger than in males, evidenced by wholly significant statistical differences in In the score plots of the first and second principal com are associated with f the first and second principal com results for both sexes of M. martensii indi
luster analysis
The hierarchical clustering scheme was applied to the degree of dissimilarity between clusters tends to beng a 'Between-groups' linkage method to the five 'Within-groups' linkage method to the five geog five ve geog T ponents (PCs), PC1 vs. PC2 (Fig. 7) , it was observed that the females of M. martensii were not separated to form independent groups. Likewise in Fig.  8, PC1 vs. PC3, Fig. 9 , PC1 vs. PC4 and Fig. 10, PC1 vs. PC5. All results indicate for females, the variation of M. martensii was below the species level.
In Table 8 , four principal components eigenvalues greater than 1, while the total eigenvalue is 10.471, and the total of the four components reaches 69.814% of the accumulated variance. The matrix of component loadings is shown, and the scree plot is in Fig. 11 .
In the score plots o ponents (PCs), PC1 vs. PC2 (Fig. 12) , it was observed that the males of M. martensii were not separated to form independent groups. Likewise in Fig. 13, PC1 vs. PC3, and Fig. 14, PC1 vs. PC4. All results indicate for males, the variation of M. martensii was below the species level.
The PCA cated that the variation of M. martensii was below the species level. C mean ratios for each province and dendrograms were obtained as follows: the horizontal scale represents the distance or levels of mergers between clusters, so the longer the distance on the horizontal axis, the greater the come.
Usi geographic clusters of females (Fig. 15) , the last merger was between {Hebei and Qinghai} and the other clusters at the distance of 25, the largest grouping was divided into two clusters: {Hebei and Qinghai} and others. Here, the relative distance (the merger level) between {Hebei and Qinghai} and others was the largest, so the difference between these two clusters was the largest in obtained data set. Next, {Liaoning} and others were also divided at the distance of around 13.5. The first merger was between {Ningxia} and {Inner Mongolia}.
Using a raphic clusters of females (Fig. 16 ), the last merger was between {Hebei and Qinghai} and the other clusters at the distance of 25. Next, {Liaoning} and others were also divided at the distance of around 12.5. The first merger was between {Ningxia} and {Inner Mongolia}.
Using a 'Between-groups' linkage method to the geographic clusters of males (Fig. 17) , the last merger was between {Qinghai} and the other clusters at the distance of 25. Next, {Hebei}, {Inner Mongolia} and others were also divided at the distance of around 9. The first merger was between {Ningxia} and {Liaoning}.
Using a 'Within-groups' linkage method to the fi raphic clusters of males (Fig. 18) , the last merger was between {Qinghai} and the other clusters at the distance of 25. Next, {Hebei} and others were also divided at the distance of around 13.5. Then, {Inner Mongolia} and others were also divided at the distance Based on field surveys and GIS-based ecological niche modeling (Shi et al., 2007) , M. martensii appears to be restricted to latitudes south of 43°N and north of the Yangtze River, bordered by the Helan Mountains and the Tengger and Mo Us sand desert in the west, and limited by the sea in the east (Fig. 1) (Table 5 and Table 6 ), which indicates M. martensii in Qinghai has a narrower prosoma and a broader metasoma.
According to statistical analyses, the morphological variation of Mesobuthus martensii in northern China is not large but populations from Qinghai are morphologically less similar to those collected from other provinces. Mesobuthus martensii is mainly distributed in northeastern China where the land is generally flat, ever since the Permian period. Through most of this geographic range, once the land had separated from the sea, there were no large environmental differences until the Pleistocene, when the Qinghai-Tibetan Plateau began to rise. During the middle and late Pliocene, somewhat before the Pleistocene, the altitude of the QinghaiTibetan Plateau was only about 1000m. Towards the end of the Pliocene, the plateau started to rise strongly and through the early, middle and late Pleistocene it rose about 1000m in each period. Through the Holocene Epoch, and today, the plateau stands at the altitude of 4700m (Zhang, 1999; Du et al., 1998) . Therefore, the chances for geographic species isolation were few before the Pleistocene. Since the time of the rise of the QinghaiTibetan Plateau was only about two million years ago, and it is possible that this has been inadequate time for a new species to evolve. wledgments re grateful to Victor Fet and two anonymous revi and morphology. Pp. 9-The environment of the five provinces is different. Liaoning is a esented by forest steppe and meadow steppe; Hebei is also subhumid with vegetation mainly represented by deciduous broad-leaved forest and fo a mainly represe se st, meadow and meadow steppe. Besides the environmental differences named above, all of the Qinghai area is located above 2300m a.s.l. and is often known as the 'Qinghai Plateau'. Animal populations, including scorpions, may be influenced by such an altitude. All specimens collected in other provinces were found below 1500m, indeed most were collected below 1000m. Jin et al. (2006) measured morphological characters associated wi ynocephalus vlangalii (Agamidae) in Qinghai and Gansu, and found that body size decreased with increasing altitude; arm and leg length were negatively correlated with altitude: the relative arm and leg length increased with increasing altitude (but at the same time, relative tail length decreased).
Compared with specimens collected from other provinces, the ratio of Ca_L/AW for Qinghai populations is larger, while the ratios of Met-I_L/H, Met-II_L/W, Met-II_L/H, Met-III_L/W, Met-III_L/H, MetWe a
